rg67.-In female rats under light urethane anesthesia, a study has been made of the effects of vaginal stimulation and intravenous injections of progesterone and luteinizing hormone (LH) on cerebral activity as represented by both the cortical EEG and hypothalamic unit firing rates. The results reveal that: z) Stimulation of the vaginal cervix during late diestrus-early proestrus induces an "afterreaction" characterized by the induction of a "sleepy" EEG and a temporally correlated effect on unit firing rates, usually involving a depression in frequency. 2) Intravenous injections of progesterone in dosages as low as IOO pg exert brief generalized anesthetic effects on EEG and unit firing rates. 3) Intravenous LH exerts a relatively specific effect on basal hypothalamic neuron firing rates independent of EEG changes, an effect consistent with the hypothesis that the LH is acting as an internal negative feedback agent on the hypothalamic neurons controlling pituitary LH secretion. The results emphasize that in studies of specific actions of hormones on individual neurons it is essential to monitor the EEG as a control for generalized influences.
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stimulation
have been recorded in the cat by Porter et al. (I 7) , the rabbit by Sawyer and Kawakami (23) , and the rat by Barraclough (I). Estrogens have lowered and androgens elevated such EEG thresholds as the afterreaction and arousal thresholds to electrical stimulation of the brain in the rabbit (14) and the seizure threshold in the rat (25). Barraclough and Cross (2) have introduced unit recording methods to this type of study. With microelectrodes in the lateral hypothalamus of the rat they reported that exogenous progesterone rather specifically inhibited the unit response to vaginal stimulation. Later, Cross and Silver (7) f ound that endogenous progesterone in natural pseudopregnancy also reduced the percent of lateral hypothalamic units responding to stimulation of the vaginal cervix and that ovariectomy reversed this condition.
Since the steroid did not affect thalamic units in the same manner, they suggested that progesterone might be acting specifically on the hypothalamic neurons from which the units were being recorded. Stim.
peak to peak, 4 msec wide) for each input spike of amplitude greater than the threshold setting but less than a selected upper limit. The standard pulses of the window circuitry activated a pen of a Grass EEG apparatus producing a record of the frequency of firing of the neuron. In later recordings the pulses were also directed through an R-C integrator, the average output level of which was a nonlinear function of the unit firing rate. This unit rate signal was plotted on an Offner Dynograph with concurrent recordings of EEG, unit, respiration, etc. Two hormones, a glycoprotein, LH (NIH-LH-S5 standard) dissolved in normal saline, and a steroid, progesterone, dissolved in propylene glycol were injected intravenously. In a few cases vasopressin (Pitressin, Parke, Davis) and other hormones were similarly infused (see RESULTS).
RESULTS
General features. During the 1st hr or two after surgery the EEG was characterized by irregular spikes and highamplitude slow waves unresponsive to external stimuli. Then the EEG record gave way to regular patterns resembling cycles of sleep and wakefulness. At this time stimulation such as pinching a paw, probing the rectum or vaginal cervix with a glass rod, making a noise, or injecting isotonic saline or glucose intravenously induced characteristic EEG changes to be described below.
Distinctive regions of unit activity were observed along the track of the microelectrode. Large cortical units were easy to detect, and beneath them a relatively "quiet" area was encountered in the corpus callosum. As the electrode passed through the medial nuclei of the thalamus many large units were found which fired three to five action potentials in very rapid succession (Fig. I) , giving a characteristic "beep" sound on the monitoring loud speaker. These were described as bimodal neurons by Barraclough and Cross (2), an observation which we can confirm. Such neurons fire at a steady rate during "arousal" and shift to the characteristic beep tendency during the "sleep phase." The medial hypothalamus tended to be quite CCsilent" for several hours after administering urethane and performing surgery. As the urethane anesthesia became (external jugular) injections of 0.5 ml of 5 % glucose in 78 % of 28 trials and by 0.5 ml isotonic saline in 6g % of 29 infusions. This sleep-inducing effect, which started within seconds of injection and lasted usually 1-4 min, was not related to the different phases of the estrous cycle.
relatively light, units ranging in size from 0.2-7 mv and in firing rate from less than once to more than 30 times/set were recorded. Usually the frequency range was I---I o/set and the size, < I mv (Fig. 2) .
It was soon learned that most of the neurons modified their rate of firing with synchrony (sleep) and desynchrony (arousal) of the EEG. In the cases of three units located in the basal medial hypothalamus, the sleep-inducing I ooto zoo-pg doses of progesterone failed to modify the action potential firing rates. These units fired steadily at frequencies of 5-6 pulses/set for periods up to 3 hr, completely independent of EEG changes. The more typical effects of progesterone on hypothalamic and thalamic units are seen in Fig. 5 . The synchronizing effect of progesterone on the EEG appeared to be independent of the phases of the estrous cycle. Since every change in unit firing rate that was induced by progesterone had a clear EEG correlate, there was no evidence for an effect exerted specifically on the single unit.
Efect of luteinizing hormone (LH). A variety of influences
of LH on hypothalamic neurons was observed: I) failure of the hormone to affect unit firing rate; 2) "nonspecific" effect on the unit, i.e., correlated with alteration in the EEG pattern, similar to the influence of progesterone; and 3) "specific" slowing of the unit firing rate, independent of EEG effects. A total of 25 units in 19 rats were subjected to the influence of intravenous injections of 5-10 pg LH in 0.3-0.5 ml saline at 35-37 C. These units were observed for periods ranging from IO min to 3 hr and were also tested for their responses to pain, cold, light, noise, vaginal and rectal probing, and injections of saline and glucose.
Of the 25 units analyzed, six neurons in five rats were unaffected by injections of LH or any of the other stimuli applied. The locations of three of these are indi- RAMIREZ, KOMISARUK, WHITMOYER, AND SAWYER cated by the open circles in Fig. 6 and the positions of the other three, extrapolated from stereotaxic coordinates, lay at the base of the ventromedial nucleus (VMH).
In one case the unit continued to fire at a rate of 5-6 impulses/set for 3 hr without being influenced by three injections of 5 rug LH, one of FSH-S2 (I oo pg) or progesterone (I 00 pg). In four rats hypothalamic units showed responses to LH correlated with induced synchronization of the EEG. In three of these the unit showed a decrement in firing rate. This is illustrated in Fig. 7 in which a unit (in an early proestrous rat), that responded to probing the vaginal cervix by slowing while the EEG was synchronized, showed a marked decrement in firing rate in response to the intravenous injection of 5 pg LH, which also synchronized the EEG. This unit was located lateral to the dorsomedial nucleus (DMH) (Fig. 6) , and the other two lay in the ventral part of DMH and in the dorsal premamillary nucleus. In the fourth rat LH induced EEG synchrony and concomitantly increased the rate of discharge of a unit located dorsolateral to VMH (Fig. 6 ) by a factor of four to six times. Because the LHinduced changes in firing rate of these four units were associated with the appearance of a sleepy EEG they were classed as nonspecific to the unit.
The remaining 15 units from I 2 rats responded to LH injections with a marked slowing in their discharge rates unrelated to EEG changes. They were all located in the basal hypothalamus, and Fig. 6 shows the location of seven marked neurons of this group, all within the basal part of nucleus VMH.
The latency of onset of the slowing in unit firing ranged from I o set to IO min and the duration of the effect from 3 min to 30 min. Typical of these units is the example shown in Fig. 8 . Unaffected by peripheral stimuli that alerted or synchronized the EEG (e.g., pinch and cervical probing, respectively), the unit responded immediately to the intravenous injection of 7.5 pug LH by reducing its rate of discharge for nearly IO min. A later injection of saline failed to alter the firing rate of the cell.
In four cases two or more injections of LH were given, and the second and later dosages were generally more effective than the first. In one rat (no. 23, vaginal smear:
proestrous + estrous) an initial 5-pg dose of LH slowed a I ,400~pv VMH unit for about IOO set starting during the injection.
A second injection of 7 pg LH 20 min later obliterated the unit for 40 min after which it started firing again at a somewhat reduced rate. In another animal (rat 24, day 2 of diestrus) IO pg LH decelerated a unit from a firing rate of 5-15/min to < I-2/min for about IO min. Subsequently, a 5-pg dose of boiled LH (IO min in a boiling water bath) slowed the unit for 2 hr. On its recovery of the 5-15/min firing rate neither saline nor glucose in 0.5 ml volume iv affected the discharge rate. A third injection of LH (IO pg) induced a marked decrement in firing rate within 3 min, after which the unit was lost without recovering.
It should be noted that boiling ovine LH for IO Fig. 6 ).
firing for another IO min. A previous injection of glucose (0.5 ml 5 %) had not altered the discharge rate. At this stage an injection of 6 pg boiled LH did not change the firing rate of the cell but neither did a subsequent infusion of 5 pug fresh LH in 0.25 ml saline. The rat had received a total of 28 rug LH by that time.
The effects of fresh and boiled solutions of LH are illustrated in Fig. g Whereas the pattern of electrodes and the anesthetic in our experiments in the rat differed from those of the earlier workers, we can confirm the occurrence of an afterreaction to cervical probing during late diestrus-early proestrus : a response characterized by a sleep-like EEG and related changes in the firing patterns of individual neurons. It was not induced by nonspecific stimuli.
In the estrous or estrogen-treated cat the afterreaction to vaginal stimulation appears to be more closely related to sex behavior than to pituitary-
